To fully understand the evolutionary history of parasitic kinetoplastids and to understand the context within which the evolution of each parasite group has developed, an understanding not just of the parasites, but of all kinetoplastids is required. Accordingly, this paper provides an overview of kinetoplastid evolution and systematics, including coverage of the proposal by Moreira et al. (2004) to divide kinetoplasts into Prokinetoplastina (Ichthyobodo and Perkinsiella) and Metakinetoplastina (other bodonids and trypanosomatids). The implications of such a revision, with regard to correctly identifying outgroup taxa for studies of evolution within taxa of medical importance, are addressed, together with a more detailed review of the evolution and origins of the trypanosomes in the light of new phylogenies, new approaches and revisions in kinetoplastid systematics.
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) and even in those parasites of medical importance, it is little more than a decade since the widespread introduction of DNA sequencing technologies has allowed the evolution of parasitic trypanosomatids (and kinetoplastids in general) to be evaluated by formal phylogenetic analysis (Fernandes et al., 1993; Alvarez et al., 1996; Maslov et al., 1996; Lukes et al., 1997; Haag et al., 1998; Hannaert et al., 1998; Stevens et al., 1999 Stevens et al., , 2001 Wright et al., 1999; Hamilton et al., 2004; Moreira et al., 2004) . To fully understand the evolutionary history of parasitic kinetoplastids and to understand the context within which the evolution of each parasite group has unfolded, an understanding not just of the parasites, but also of broader kinetoplastid phylogenetics is required. Accordingly, this paper provides an overview of kinetoplastid phylogenetics and evolution, together with a more detailed review of the evolution of the trypanosomes in the light of recent revisions in kinetoplastid systematics. For more comprehensive details of these topics, in addition to the references given above, readers are referred to reviews by Maslov et al. (2001) , Stevens et al. (2001 ) and, most recently, Simpson et al. (2006 .
KINTEOPLASTID PHYLOGENETICS
T he order Kinetoplastida comprises a group of protozoa defined by the presence of a characteristic organelle, the kinetoplast (Vickerman, 1976) , a large modified mitochondrion. Traditionally, the taxonomy of kinetoplastids has been based on morphological characters and lifecycles, with the group being subdivided into two suborders: Bodonina and Trypanosomatina (Vickerman, 1976; Lom, 1976 (Castellani, 1903; Bruce & Nabarro, 1903; Lyons, 1992) , haemoflagellate parasites of humans and domestic animals, including trypanosomes and Leishmania spp. are among some of the most wellstudied agents of parasitic diseases known today. In consequence, some of these organisms have long been the subject of investigation and speculation with regard to their evolutionary history (Léger, 1904; Wallace, 1966; Hoare, 1972; Vickerman, 1994) and, indeed, trypanosomatids were among some of the first parasites to be characterised with the new methods of isoenzyme typing developed in the 1970s (Godfrey & Kilgour, 1976; Miles et al., 1977) . For many kinetoplastid groups (notably those of medical importance), the findings of early studies have since been superseded by results from more recent studies, which, in general, due to the techniques used, e.g. DNA sequencing and genomic analyses, have provided increased levels of resolution, robustness and accuracy. However, the application of new methodologies across all kinetoplastid groupings has been by no means equal (Podlipaev, leeches). The second group within Kinetoplastida, the trypanosomatids, comprise a single family, Trypanosomatidae; among others, this family includes the obligate parasites of medical and veterinary importance, trypanosomes and Leishmania sp., which have become the focus of so much research. Trypanosomatids infect all classes of vertebrates, together with some invertebrates, and also plants. Indeed, many invertebrates, e.g. tsetse flies, sandflies, triatomine bugs, are perhaps best known for their role as vectors for those disease agents with a digenetic lifecycle, e.g. trypanosomes, Leishmania sp. and Phytomonas sp. However, there are also many monogenetic parasites, e.g. Crithidia, Leptomonas, Herpetomonas and Blastocrithidia, which, while less well studied than their digenetic counterparts are equally as important from the perspective of understanding the evolution of the kinetoplastids as a whole.
As stated, this system of classifcation, which has been in place since the 1970s, was established based largely on morphological and lifecycle characters, in the absence of molecular data. More recently, however, the accumulation of much new molecular data from a diverse range of studies has increasingly suggested that the division of Kinetoplastida into the two suborders outlined above is artificial (Fig. 1) , prompting Moreira et al. (2004) to propose a revision of the group. Briefly, the new system of Moreira et al. (2004) divides kinetoplasts into Prokinetoplastina (Ichthyobodo and Perkinsiella) and Metakinetoplastina (other bodonids and trypanosomatids). See Simpson et al. (2006) for full details regarding the broader significance of this major systematic revision. Such a revision, however, is important not just from a taxonomic perspective, but also from the point of view of identifying correct outgroup taxa for subsequent studies of evolution within, for example, groups of medical importance, a topic covered in more detail in the remainder of this paper.
PHYLOGENETICS OF TRYPANOSOMES
T wo issues dominate discussion of trypanosome evolution. Firstly, whether or not trypanosomes are monophyletic and, secondly, what gave rise to them. A monophyletic group consists of taxa that are descended from a single common ancestor and contains all known descendants from that ancestor. The first molecular phylogenetic studies, based on comparisons of mitochondrial and nuclear ribosomal DNAs (rDNA), showed trypanosomes to be paraphyletic (Gomez et al., 1991; Fernandes et al., 1993; Maslov et al., 1996) , while subsequent rDNA-based studies, which have included more taxa from a far broader range of host species (Lukes et al., 1997; Stevens et al., 1999 Stevens et al., , 2001 Wright et al., 1999; Simpson et al., 2002; Hamilton et al., 2004) (Fig. 2) supported monophyly. However, Hamilton et al. (2004) also demonstrated that different large (> 68 taxa) 18S rDNA sequence alignments can either strongly support or reject monophyly depending on the range of taxa and the characters included in each analysis, so, while trypanosome monophyly appears highly probable, no definitive conclusion can be reached using this gene. Confidence in 18S rDNA sequence data to infer phylogenetic relationships has also been challenged by the observation of two distinct copies of these genes in T. cruzi and other trypanosomatids (Stothard et al., 1998) . In contrast, phylogenetic studies based on proteincoding genes (Hannaert et al., 1992 (Hannaert et al., , 1998 Hashimoto et al., 1995; Adjé et al., 1998; Simpson et al., 2002) have consistently and unequivocally supported monophyly, a conclusion strongly supported by Hamilton et al. (2004) in their recent analyses of both glycosomal glyceraldehyde phosphate dehydrogenase (gGAPDH) DNA and protein trees from a broad range of trypanosomatid taxa, rooted using Euglena gracilis, an unequivocal outgroup taxon. Trypanosome monophyly is further supported by the phylogenies of Simpson et al. (2002) based on heat shock protein 90 amino acid sequences that include a different range of kinetoplastid taxa to the gGAPDH gene trees.
THE ORIGIN OF TRYPANOSOMES
A ll trypanosomes are vertebrate blood parasites. Thus, taken together, the weight of evidence from this broad range of studies conducted to date suggests that trypanosomes are monophyletic and thus had a single evolutionary origin (Figs 2 and 3) . From a single origin, trypanosomes appear to have radiated to infect all vertebrate classes, transmitted by a wide variety of blood-sucking vectors, including both terrestrial and aquatic leeches. The relationships of Leishmania and Endotrypanum, which are also vertebrate parasites, suggest that they do not share a common ancestor with trypanosomes and instead evolved from an insect-only trypanosomatid(s) comparatively recently. It is clear that T. brucei, T. cruzi and Leishmania major, for which complete genome sequences are now available, are only distantly related and have distinct evolutionary histories. In view of the results presented here, comparison of trypanosome genomes may reveal ancestral genetic mechanisms for survival in vertebrates, which will not be shared by Leishmania. On the other hand, these trypanosomatids share common ancestral mechanisms for survival within their insect vectors. A second implication of monophyly is that trypanosomes did not give rise to other trypanosomatid lineages by, for example, adapting to an invertebrateonly form of parasitism. This is surprising, as many trypanosome species undergo varied and complex life cycles in their invertebrate vectors. Instead, some trypanosomes have partly or completely lost dependency on the invertebrate host. For example, although usually transmitted by bloodsucking triatomine bugs, T. cruzi can be transmitted during breast-feeding (Miles, 1979) and T. equiperdum is transmitted during coitus between equines (Hoare, 1972) . Evidence from the recent broad gGAPDH gene phylogeny of Hamilton et al. (2004) also indicates that the trypanosome clade arises from within the wider group of trypanosomatids, which are parasites of insects (some of which have an additional vertebrate or plant host). Thus, the most likely ancestor of extant trypanosomes was an insect trypanosomatid parasite. There is further support for the insect parasite origin of genus Trypanosoma from the phylogenetic position of the leechtransmitted trypanosomes of fish and amphibia. If leechtransmitted trypanosomes of fish were the first to evolve as has been suggested (Woo, 1970; Baker, 1994; Vickerman, 1994) , we would expect them to branch paraphyletically at the base of the trypanosome clade. This is not the case: the phylogenies presented here show all fish trypanosomes in a single, well-supported clade. In gGAPDH gene and most published 18S rDNA trees, the fish trypanosome clade falls unequivocally in the "aquatic clade", which includes all aquatic leech-transmitted trypanosomes. Although we have no evidence whether the ancestor of the 'aquatic clade' trypanosomes was leech or insect-transmitted, as suggested by Maslov et al. (1996) it is clear that the majority of insect-transmitted trypanosomes did not evolve from this clade. Stevens et al. (1999) and is based on an alignment of 1809 nucleotide positions. The phylogeny contains 61 Trypanosoma taxa and shows the genus to be monophyletic. T. congolense subgroups are denoted by s = savannah, f = forest, k = kilifi and t = tsavo; sequence accession numbers are given in Haag et al. (1998) and Stevens et al. (1999 Stevens et al. ( , 2001 ). Analysis was perfomed using PAUP* 4 (Swofford, 1998). Reproduced with permission from Advances in Parasitology; see Stevens et al. (2001) for full details. Taken together, this evidence suggests a scenario whereby the ancestral trypanosome was an insect parasite. One of these early lineages, perhaps a parasite of a bloodsucking insect, adapted to and became dependant on vertebrate parasitism, giving rise to trypanosomes, as previously suggested (Hoare, 1972) . The switch from an insect-only to an insect-transmitted trypanosome would have been a terrestrial event, assuming that, as today, extinct blood-sucking insects fed on land vertebrates. There are no reliable dates for the origins of most extant groups of blood-sucking insects; the earliest date is approximately 370 million years ago after the first land vertebrates appeared (Kardong, 2002) . Intriguingly, T. binneyi, the trypanosome of the amphibious platypus, appears in the "aquatic clade"; this is a large trypanosome, similar in morphology to the trypanosomes of fish and amphibia Mackerras, (1959) . It is thus plausible that the trypanosome species found in this primitive mammal has been acquired from aquatic leeches carrying fish trypanosomes (Stevens et al., 2001) . Thus trypanosomes have not strictly coevolved with their vertebrate hosts; instead, a key factor in the evolutionary radiation of trypanosomes appears to have been transmission between vertebrates in shared environments (Stevens et al., 2001; Hamilton et al., 2007) .
